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TRANSISTOR DEVICES CONFIGURED TO
OPERATE ABOVE A FIRST CUTOFFK
FREQUENCY

TECHNICAL FIELD

The present invention relates to electronics, and more par-
ticularly to transistor devices configured to operate above a
first cutoil frequency.

BACKGROUND

Transistors are the building blocks of most electronic cir-
cuits, such as amplifiers, filters, oscillators, logic gates,
switching circuitry, memory devices, programmable logic
arrays, and gate arrays to name a lfew. Transistors are
employed 1n the simplest amplifier or oscillator to the most
claborate digital computer. Integrated circuits are merely an
array of transistors and other components built from a single
chip of semiconductor material. These electronic circuits are
employed in many electronic systems, such as in transmitters
and recervers for all types of communication and radar sys-
tems.

The transistor 1s a device that can amplify an input signal to
produce a higher power output signal. Transistors come 1n a
variety of different transistor types such as bipolar junction
transistors (BJTs), junction field-effect transistors (JFETSs),
metal-oxide-semiconductor field-effect transistors (MOS-
FETS), heterojunction bipolar transistors (HBTs) and high
clectron mobility transistors (HEMTSs). Each of these transis-
tor types have unique operating characteristics, and can be
selected for a particular application based on these operating
characteristics. Each of these transistor types are modeled 1n
a similar manner, such that they have an operating bandwidth
that 1s limited by a cutoif frequency or maximum frequency in
which the output gain of the transistor falls below unaity.

The desire for systems to provided wider operation band-
widths drive the transistors to operate at higher carrier fre-
quencies, such as microwave frequencies (wavelength less
than 1 micrometer) or millimeterwave frequencies (wave-
length less than 1 millimeter). However, since the cutoif
frequency 1s related to the intrinsic capacitance that1s dictated
by the physical periphery of the transistor, common practice
1s to reduce the size of transistors to 1ncrease 1ts cutodil fre-
quency and maximize operating frequency. However, the
reduction 1n size of the transistor limits 1ts power output
capability. Therefore, to meet the system level power require-
ment, smaller periphery transistors need to be combined at a
cost of increasing circuit footprint and DC power relative to
designs that only requires a single larger transistor.

SUMMARY

In one aspect of the invention, a method 1s provided for
configuring a transistor device to operate above 1ts first cutoff
frequency. The method comprises of selecting a desired oper-
ating frequency range and a desired output power for a tran-
sistor associated with the transistor device, analyzing the
cifects of phase velocity mismatch on the overall gain of a
plurality of different sized transistors, and evaluating the pri-
mary and secondary gain regions of the plurality of different
s1zed transistors. The method further comprises selecting a
transistor sized to provide the desired output power at or close
to the desired operating frequency range based on the analysis
of the phase velocity mismatch and the evaluation of the
primary and secondary gain regions.
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In another aspect of the present invention, a method 1s
provided for operating a transistor device above a first cutoif
frequency of at least one transistor of the transistor device.
The method comprises a substrate, a first terminal disposed
on the substrate, a second terminal disposed on the substrate
and a control terminal disposed on the substrate and spaced
between the first terminal and the second terminal, the physi-
cal dimensions associated with the at least one of the first
terminal, the control terminal and the second terminal are
configured to provide at least one of a predetermined {first
frequency cutoll of a primary gain region of the at least one
transistor, and a predetermined secondary gain region of the
at least one transistor and its associated predetermined sec-
ondary frequency cutofl.

In yet another aspect of the present invention, a transistor
device 1s provided having at least one transistor. The at least
one transistor comprises a substrate, a source terminal dis-
posed on the substrate, a drain terminal disposed on the sub-
strate, and a gate terminal disposed on the substrate and
spaced between the source terminal and the gate terminal.
The dimensions associated with the drain terminal are modi-
fied to adjust at least one of a first frequency cutoll of a
primary gain region of the at least one transistor, a secondary
gain region of the at least one transistor and a secondary
frequency cutoll of the at least one transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a block diagram of a system for operating,
a transistor device above a first cutoll frequency in accor-
dance with an aspect of the present invention.

FIG. 2 1llustrates a graph of predicted transistor device gain
versus frequency with and without phase velocity matching
of an exemplary HEMT transistor.

FIG. 3 1llustrates a graph of gain versus frequency of a first
exemplary HEMT transistor device and a second exemplary
HEMT transistor in accordance with an aspect of the present
invention.

FIG. 4 illustrates a top plan view of a HEMT transistor in
accordance with an aspect of the present invention.

FIG. § illustrates a cross-sectional view of the transistor of
FIG. 4 along dashed lines A-A.

FIG. 6 1llustrates a typical transistor configuration in accor-
dance with an aspect of the present invention.

FIG. 7 illustrates a first modified transistor configuration in
accordance with an aspect of the present invention.

FIG. 8 1llustrates a second modified transistor configura-
tion in accordance with an aspect of the present invention.

FIG. 9 illustrates a third modified transistor configuration
in accordance with an aspect of the present invention.

FIG. 10 illustrated a methodology for configuring a tran-
sistor device to operate above a first cutofl frequency in
accordance with an aspect of the present invention.

FIG. 11 illustrated a methodology for operating a transistor
device above a first cutoil frequency in accordance with an
aspect of the present invention.

FIG. 12 illustrated a transmitter and recerver system 1n
accordance with an aspect of the present invention.

DETAILED DESCRIPTION

The present 1invention relates to transistor devices config-
ured to operate at frequencies above a typical first cutolfl
frequency associated with one or more transistors in the tran-
sistor device. A transistor device 1s defined herein as a device
that includes one or more transistors configured to operate as
a tfunctional circuit. The transistor devices can include a vari-
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ety of different circuit types having one or more transistors.
For example, the transistor device can be amplifiers (e.g.,
power amplifier devices, low noise amplifier devices) formed
from a single transistor or multiple transistors, which can be
employed in transmitters and/or receivers 1n addition to a
variety of other electronic systems. The transmitters and/or
receivers can be employed 1n communication systems to pro-
vide for higher carrier frequencies allowing for modulation of
higher data rate communication signals to increase commu-
nication bandwidth. The transmitters and/or recetvers can
also be employed 1n radar systems. In radar systems, the
ability for transistor devices to operate at higher frequency
allows the contraction of physically small but electrically
large aperture to form small beam width to enhance tracking
resolution.

The transistor(s) associated with the transistor devices can
be, for example, any of BJTs, JFETs, MOSFETS, HBTs and
HEMTs. The first cutoil frequency 1s a frequency pomt where
the gain of the transistor falls to a zero decibel (dB) gain point.
For example, for some transistors, such as BJTs, and HBTs,
this point 1s referred to as F(t), which 1s the zero dB current
gain point. For other transistor types, such as JFETs, MOS-
FETs, and HEMTs, this point 1s referred to as FMax, whlch 1S
the zero dB power gain point.

The present invention employs a new transistor model that
accounts for phase velocity mismatch associated with oper-
ating transistors at substantial high frequencies. Typical tran-
sistor models assume that a given signal 1s distributed uni-
formly across components, for example, gate, source, drain of
JFETs, MOSFETS, and HEMTs and, for example, base,
emitter, collector of BJTs and HBTs. However, at high fre-
quencies, the given signal propagates and can have different
values at different points across the transistor device since the
wavelength of the signal approaches the width of the transis-
tor. Additionally, typical transistor models assume that a tran-
sistor 1s unusable at frequencies above the first cutoll fre-
quency. The present mvention can employ secondary gain
regions beyond the first frequency cutoil point to amplify
transmit and/or receive signals. Secondary gain regions are an
operating bandwidth region that has a positive gain at fre-
quencies greater than the typical first cutoif frequency of the
transistor. Additionally, methods are provided for configuring
dimensions of the transistor to tune a given secondary gain
region, or to extend the first frequency cutoil point of a
primary or normal gain region of the transistor. The primary
or normal gain region 1s the typical operation bandwidth of
the transistor prior to the first cutoil frequency.

The present mvention 1s useful 1n Millimeter Wave
(MMW) and sub-MMW application fabricated on Mono-
lithic Microwave Integrated Circuits (MMICs), and can pro-
vide high performance and high power transceiver electron-
ics. The present mvention provides for operating larger
transistors at secondary gain regions as opposed to the net-
ficient combining of smaller transistors to achieve similar
power, thus resulting 1n higher performance and higher output
power with a smaller MMIC footprint than employing a
group ol smaller transistors operating in the primary gain
region.

FI1G. 1 illustrates a block diagram of a system 10 for oper-
ating a transistor device 12 above a first cutoil frequency 1n
accordance with an aspect of the present invention. The tran-
s1stor device 12 includes one or more transistors configured to
receive an input signal having a frequency above a first cutodf
frequency associated with the one or more transistors in the
transistor device 12, and to provide an output signal that 1s an
amplified version of the mput signal at the frequency above
the first cutoil frequency. The system 10 can include an
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4

optional signal source 14 that provides the mput signal at the
frequency above a first cutoll frequency associated with the
one or more transistors 1n the transistor device 12. The signal
source 14 can be local or remote to the transistor device 12.
The one or more transistors are configured by evaluating the
phase velocity mismatch associated with one or more tran-
sistors forming the transistor device 12, and moditying tran-
sistor dimensions to tune the transistor to operate within a
desired frequency band.

This can be accomplished by evaluating the phase velocity
mismatch associated with the one or more transistors, and
configuring the dimensions of the one or more transistors to
tune the one or more transistors to extend the first cutoif
frequency. Alternatively, this can be accomplished by evalu-
ating the phase velocity mismatch associated with the one or
more transistors and employing a secondary gain region of
the one or more transistors. The secondary gain region 1s an
operating bandwidth region that has a positive gain at fre-
quencies greater than the first cutodl frequency of the transis-
tor. The transistor device can have a plurality of secondary
gain regions beyond the zero dB gain frequency cutolf point
of the primary operating gain region of the transistor device,
cach secondary gain region having an associated secondary
cutofl frequency. Furthermore, the secondary gain regions
can be tuned by moditying transistor dimensions to adjust the
frequency bandwidth from its secondary gain region.

As stated above, the present invention employs a new tran-
s1stor model that accounts for phase velocity mismatch asso-
ciated with operating transistors at substantially high fre-
quencies. It has been determined that all parallel-coupled
lines associated with the transistor terminals support a quasi
transverse electromagnetic (TEM) mode of operation that has
an even mode and odd mode property, and that the even mode
characteristic impedance 7__ and odd mode characteristic
impedance 7Z__ can be extracted and measured under each
mode excitation to evaluate the composite characteristic
impedance. The even mode phase velocity v, and the odd
mode phase velocity v, and the total characteristic imped-
ance Z_ can be evaluated as follows:

1 EQ. 1
Ve =
Zoer| Cas* Cy
1 EQ. 2

Zoo(y| Cas Cs +2Cga)

Lo = ’\/ZDEZGD EQ. 3

where C,,. 1s the drain-to-source capacitance, C. 1s the
gate-to-source capacitance, C ., 1s the gate-to-drain capaci-
tance, Z.__ 1s the even mode characteristic impedance, and 7.
1s the odd mode characteristic impedance.

It has also been determined that the gain (G) of the transis-
tor can be modeled by determining the normal multi-pole
device transconductance (gm) gain of the transistor multi-
plied by a phase velocity mismatch vector. An exemplary gain
equation (EQ. 4) 1s provided below for a HEMT transistor
formed on a gallium Arsenide (GaAs) substrate having a
dielectric constant €, =12.9, and an effective dielectric con-
stant €_,=9.0, a device width of 1000 um and device gm poles
of 5 and 80 GHz.
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EQ. 4

[1 + E_jm(”:?.f “,tl?ﬂ)w]

As can be determined by EQ. 4,1t v 1s equal to v, then the
phase velocity mismatch portion of EQ. 4 becomes one and
the phase velocity does not effect the overall gain of the
transistor. However, as illustrated in EQ. 1 and EQ. 2, the
additional term C 5 1n the odd mode phase velocity equation
illustrates that the phase velocity ettfect to the transistor gain
cannot 1n reality be eliminated but can only be mitigated by
reducing the gate-to-drain capacitance. Furthermore, the
width of the device atfects the phase velocity mismatch vec-
tor. Therefore, the phase velocity mismatch vector can be
tuned by moditying the width of the transistor and modifying
the gate-to-drain capacitance C,,. Additionally, it 1s to be
appreciated that the phase velocity mismatch vector causes
the gain to oscillate every time the term

| |
m( _ _]w = 21N,
Vpe V

po

where w=2nr1, 1 1s the frequency and W 1s the width of the
transistor, and N 1s an integer from 0 to oo, such that the
transistor can have a plurality of usable secondary gain
regions above the first cutoil frequency. Additionally, 1t may
be desirable to mitigate the efiects of the velocity mismatch
vector by adjusting the gate-to-drain capacitance and the
width based on the frequency to provide that the term

1 1
AL~ L <os

to maximize the first cutodl frequency. Generically, EQ. 4 can
be represented as follows:

EQ. 5

where A 1s the scalar gain (gm) or term of the transistor and

[1 + tE_ﬁL{ ‘“‘,tl?-f ) “;o)w]

2

1s the phase velocity mismatch vector or term.

FI1G. 2 illustrates a graph 30 of gain versus frequency of an
exemplary HEMT transistor with a gain response as 1llus-
trated in EQ. 4. A theoretical curve 32 of gainresponse (G) of
the HEMT transistor without the effects of phase velocity
mismatch 1s illustrated with a first cutofl frequency that
extends beyond 80 GHZ. An actual curve 34 of a gain
response (G) of the HEMT transistor accounting for the
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6

elfects of phase velocity mismatch has a typical first cutoff
frequency of about 45 GHZ (e.g., above zero dB) 1n a primary
gain region illustrate by a first curve 36. However, the actual
curve 34 of the gain response () also includes a secondary
gain region 1llustrated by a second curve 38. Therelore, the
HEMT transistor can be operated in the secondary gain region
at frequencies above a first cutoll frequency of the HEMT
transistor. It 1s also to be appreciated that the phase velocity

mismatch vector illustrated in EQ. 4 1s an oscillating term
such that the secondary gain region will repeat or oscillate
over frequency.

FIG. 3 1llustrates a graph 30 of gain versus frequency of a
first exemplary HEMT transistor device and a second exem-
plary HEMT transistor device dimensioned to be larger than
the first HEMT transistor device. A first gain versus frequency
curve 52 1s associated with the first transistor device and a
second gain versus frequency curve 54 1s associated with the
second transistor device. The first transistor device includes
four stacked HEMT's with a width of about 100 microns with
alength of about 0.15 microns. The second transistor includes
tour stacked HEMT's with a width of about 250 microns with
a length of about 0.15 microns. As 1llustrated in the graph 50,
the first transistor has a first cutoil frequency that 1s thher
than first cutoil frequency of the second transistor. For
example, the second transistor has a first cutoil frequency
around 50 GHz at a primary gain region, while the first cutoff
frequency of the first transistor at a primary gain region 1s
greater than 80 GHz. However, the second transistor has a
second gain region from about 65 GHz to about 80 GHz that
has a gain that greater than the first transistor at the primary
gain region of the first transistor at these frequencies. It 1s
further appreciated that the second transistor can provide
power that 1s substantially greater than the first transistor. For
example, 1n certain applications, 1t would take many smaller
transistors grouped together to provide the substantially same
power as one large transistor. Therefore, the footprint of the
circuit (e.g., MMIC) would be much larger employing the
smaller transistors grouped together than one or more larger
transistors. Therefore, the second larger transistor can be
employed 1n applications with smaller footprint sizes that
require higher power and higher frequency than can be pro-
vided with the grouping of the smaller transistors by utilizing,
one of the secondary gain regions of the second larger tran-
s1stor.

FIG. 4 1llustrates a top plan view of a HEMT transistor 70
in accordance with an aspect of the present invention. The
HEMT transistor includes a drain terminal 72 (or first termi-
nal) spaced apart from a gate terminal 74 (or drain terminal)
by a distance 30 and a source terminal 76 (or second terminal)
spaced apart from the gate terminal 74 by a distance 82. The
transistor 70 and the fingers of the drain terminal 72, gate
terminal 74 and the source terminal 76 have a length W
assoclated with the transistor 70. The drain terminal 72, the
gate terminal 74 and the source terminal 76 are formed from
a conductive material, such as a metal that contributes to
capacitances associated with the transistor 70.

FIG. 5 1llustrates a cross-sectional view of the transistor 70
along dashed lines A-A. The source terminal 76 can be
coupled to ground through the substrate 82, which i1s not
shown 1n FIG. 5. The drain terminal 72, the gate terminal 74
and the source terminal 76 are disposed on a substrate 82. As
illustrated 1n FIG. 5, a capacitance CDS 1s formed between
the drain terminal 72 and the source terminal 76, a capaci-
tance C_. 1s formed between the gate terminal 74 and the
source terminal 76, and a capacitance CGD 1s formed
between the gate terminal 74 and the drain terminal 72.
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FI1G. 4 1llustrates that the transistor 70 can be modeled as a
plurality of device dimension tunable units 78, which can be
modified to adjust the primary gain region and/or secondary
gain regions of the transistor 70. As stated above, the effects
of the phase velocity mismatch vector on the first cutoff
frequency of the transistor can be modified by adjusting the
capacitance C,,, for example, by moditying the distance 80
between the gate and the drain and/or moditying the width W
of the transistor. Therefore, the typical first cutoil frequency
of the transistor associated with the primary gain region can
be extended and/or one or more associated secondary gain
regions can be tuned to a desired frequency range that 1s
greater than the first cutoil frequency by modifying the gate-
to-drain capacitance C ., or the width W of the transistor.

It 1s to be appreciated that the transistor 70 can be a BIT or
HBT with the first terminal being a collector terminal, the
second terminal being an emitter terminal and the control
terminal being a base terminal, such that the typical first
cutoll frequency of the transistor associated with the primary
gain region can be extended and/or one or more associated
secondary gain regions can be tuned to a desired frequency
range that 1s greater than the first cutoil frequency by modi-
tying the base-to-collector capacitance or the width W of the
transistor.

FIGS. 6-9 illustrate a variety of different transistor con-
figurations 1n accordance with various aspects of the present
invention. FIG. 6 illustrates a typical transistor configuration
100 having a width (W) and a length (1). The transistor con-
figuration 100 includes a drain terminal (D), a gate terminal
(G) and a source terminal (S) disposed above a substrate
(SUB). The drain terminal and the source terminal have sub-
stantially similar sizes and areas with each of the drain ter-
minal and source terminal being separated from the gate
terminal by a distance D. The source terminal 1s grounded,
such that the transistor 100 1s configured to operate as an
amplifier. An RF input signal (RF;,,) 1s provided to the gate as
input and an RF output signal (RF ;) 1s provided as output
of the transistor, such that the RF ., signal 1s an amplified
version of the RF ., signal at a given frequency range.

It 1s to be appreciated that 11 the width (W) of the transistor
1s selected to be Y4 wavelength associated with the nput
frequency, then the transistor 100 performs as a near perfect
impedance transformer. Therefore, the transistor 100 can be
configured as an amplifier device without the need for a
impedance matching network. This allows for providing an
amplifier with a reduction in circuit footprint size (or die
area), which can provide a high output power and high fre-
quency response when the transistor 100 1s configured to
operate 1n one or more secondary gain regions.

Alternatively, the transistor 100 can be implemented 1nto
another transistor device and employed to operate at frequen-
cies above the first cutoll frequency associated with the pri-
mary gain region at one or more secondary gain regions. It 1s
appreciated that the transistor can be tuned to increase the first
cutoil frequency or to modily one or more secondary gain
regions and associated secondary cutoll frequencies by modi-
tying the width and/or gate-to-drain capacitance C,

FIG. 7 illustrates a first modified transistor configuration
110 1n accordance with an aspect of the present invention. The
first modified transistor configuration 110 includes similar
components as the typical transistor configuration 100 of
FIG. 6. However, the first modified transistor configuration
110 provides for increasing a distance D1 between the gate
terminal and the drain terminal relative to a distance D2
between the gate terminal and the source terminal, such that
D1>D2. An increase between the distance of the gate terminal
and the drain terminal causes a decrease 1n the gate-to-drain
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capacitance of the transistor 110 relative to transistor 100,
which results 1n mitigation of the effects of the phase velocity
mismatch vector in EQ. 5. This can provide for increasing the
first cutodil frequency of the primary gain region of the tran-
sistor 110 1n addition to increasing the secondary cutolf fre-
quencies associated with one or more secondary gain regions
of the transistor 110.

It 1s to be appreciated that the thickness of the drain termi-
nal can also be reduced to mitigate the gate-to-drain capaci-
tance of the transistor 110. It 1s further appreciated that the
distance D1 between the gate terminal and the drain terminal
can be decreased relative to the distance D2 between the gate
terminal and the source terminal to tune or shift the frequency
range of the primary gain region or one or more secondary
gain regions and associated cutoil frequencies based on a
desired application.

FIG. 8 illustrates a second modified transistor configura-
tion 120 1 accordance with an aspect of the present invention.
The second modified transistor configuration 120 includes
similar components as the typical transistor configuration 100
of FIG. 6. However, the second modified transistor configu-
ration 120 provides for a drain terminal that has distance D3
between the gate terminal and the drain terminal on a first end
that 1s different than a distance D4 between the gate terminal
and the source terminal at a second end, such that D3>D4
provides for a generally tapered shaped drain terminal. A
distance D5 between the gate terminal and the source terminal
can be the same or different than the distance D3 or the
distance D4. The transistor 120 operates normally 1n low
frequencies but provides a lower gate-to-drain capacitance at
higher frequencies than the typical transistor configuration
100 due to the generally tapered shaped of the drain terminal.
The amount of taper of the drain terminal can be adjusted to
tune the first cutoil frequency of the primary gain region of
the transistor 1n addition to tuning the secondary gain regions
and associated secondary cutoil frequencies. It is to be appre-
ciated that although the tapering of the drain terminal is
illustrated in two-dimensions, the tapering can be over three
dimensions, such that the thickness of the drain terminal can
be reduced at certain portions relative to other portions.

FIG. 9 illustrates a third modified transistor configuration
130 1n accordance with an aspect of the present invention. The
third modified transistor configuration 130 includes similar
components as the typical transistor configuration 100 of
FIG. 6. However, the third modified transistor configuration
130 provides for a corrugated drain terminal 132 that has a
plurality of corrugated openings arranged to mitigate the
gate-to-drain capacitance of the transistor 130. The size of the
openings can be dimensioned based on a particular applica-
tion and desired performance to provide for a desired reduced
gate-to-drain capacitance. Additionally, the size and fre-
quency of the openings can be selected to adjust or tune the
first cutoll frequency of the primary gain region of the tran-
sistor 130 1n addition to tuning the secondary gain regions and
associated secondary cutofl frequencies.

It 1s to be appreciated that the examples 1llustrated 1n FIGS.
7-9 are but a few examples of modified transistor configura-
tions, such that a number of different modifications to tran-
s1stor configurations can be contemplated 1n accordance with
the present mnvention. Additionally, combinations of the gate-
to-drain spacing, terminal thicknesses, the tapered drain ter-
minal and the corrugated drain terminal can be employed to
modily the gate-to-drain capacitance, and thus the effects of
the phase velocity mismatch vector on the overall gain of the

transistor.
Although the present examples 1llustrated 1n FIGS. 1-9 and
EQs. 1-5 are illustrated with respect to HEMTs, JFETSs, and
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MOSFETS transistor types, the present mvention 1s appli-
cable for modeling and tuning other transistor types, such as
BJTs and HBTs, such that tuning can be achieved by modi-
tying transistor dimensions to elffect capacitances associated
with the base, emitter, collector and width of the respective >
BJT or HBT. In particular, the adjustment of the base-to-
collector capacitance of the BJT or HBT 1s analogous to the
gate-to-drain capacitance of the HEMT, JFET, and MOSFET,
such that phase velocity mismatch can be modified by adjust-

ing the width and base-to-collector capacitance of the BJT or 10
HBT.

In view of the foregoing structural and functional features
described above, methodologies 1n accordance with various
aspects of the present invention will be better appreciated
with reference to FIGS. 10-11. While, for purposes of sim-
plicity of explanation, the methodologies of FIGS. 10-11 1s
shown and described as executing serially, it 1s to be under-
stood and appreciated that the present invention 1s not limited
by the illustrated order, as some aspects could, 1n accordance
with the present mvention, occur in different orders and/or
concurrently with other aspects from that shown and
described herein. Moreover, not all illustrated features may
be required to implement a methodology 1n accordance with
an aspect the present invention.

15

20

25
FI1G. 10 1llustrated a methodology for configuring a tran-

sistor device to operate above a first cutoll frequency in
accordance with an aspect of the present invention. The meth-
odology begins at 200. At 200, a desired operating frequency
range and a desired output power are selected for one or more
transistors associated with a transistor device. At 210, the
cifect of phase velocity mismatch on overall transistor gain 1s
analyzed for one or more transistors of varying sizes. For
example, the efl

30

ect of phase velocity mismatch on overall
transistor gain can be analyzed by evaluating EQ. 5 for each
of the one or more transistors and by analyzing the primary
gain region and the secondary gain regions associated with
the gain response of the transistor. At 220, a transistor size 1s
selected that provides the desired output power in or close to
the desired operating frequency range. The methodology then
proceeds to 230.

35

40

At230, 1 necessary, one or more transistor dimensions can
be modified to tune the primary or secondary gain regions of
the transistor to the desired operating frequency range. For
example, the gate-to-drain capacitance or base-to-collector 45
capacitance can be modified by employing a variety of dii-
terent techmiques, such as those discussed and illustrated 1n
reference to FIGS. 7-9. Additionally, the width of the transis-
tor can be modified to tune the primary or secondary gain
regions. The methodology then proceeds to 250 to determine 5
if the modifications have provided acceptable results. I the
modifications has not provided acceptable results (NO), the
methodology repeats 230 and 240, until the modification have
provided acceptable results. It 1s appreciated that 11 accept-
able results cannot be achieved, a new transistor size can be 55
selected. ITf the modifications have provided acceptable
results (YES), the methodology proceeds to 260.

At 260, the transistor device 1s fabricated with one or more
of the transistors with the selected transistor size and the
modified transistor dimensions. The transistor device can be, 60
for example, one or more amplifiers, one or more VCO’s, for
example, a communication system, such as a mobile commu-
nication system, radar system or an imaging system or other
transistor based system having one or more transmitters and/
or receivers. At 270, the transistor device 1s tested at the 65
desired operating frequency range and the desired output
power.

10

FIG. 11 illustrated a methodology for operating a transistor
device above a first cutoil frequency 1n accordance with an
aspect of the present invention. At 300, an input signal 1s
provided to a transistor device at a frequency that i1s 1n a
secondary gain region ol one or more transistors of the tran-
sistor device. At 310, an output signal 1s provided that 1s an
amplified version of the input signal at the frequency that 1s 1n
the secondary gain region of the one or more transistors of the
transistor device.

FIG. 12 1llustrates a transmitter and recerver system 330 1n
accordance with an aspect of the present invention. The sys-
tem 350 includes J transistor devices, where J 1s an integer
greater than or equal to one. The system 350 1s operative to
transmit and receive signals at frequencies above a first cutoll
frequency of one or more transistors of the J transistor devices
employed 1n the system 350. For example, the one more
transistors can be employed 1n one or more amplifiers that are
employed 1n one or more transmitters (e.g., higher power
amplifiers) or in one or more recewvers (e.g., lower noise
amplifiers). The one or more transistors can be employed 1n
one or more VCOs for controlling timing associated with the
system 330, such as transmission timing or sample timing in
addition to processing functions of the system 3350. The sys-
tem 350 prowdes L. output signals having frequencies above
a first cutodl frequencies of associated output transistors and
receives K input signals having frequencies above a first
cutolf frequency of associated input transistors, where K and
L are integers greater than or equal to one, such that K and L
can be equal or not equal and further equal or not equal to J.

The system 3350 can be, for example, a communication
system, such as a mobile communication system, a radar
system or an 1maging system. A plurality of transistors can be
aligned, spaced apart and operated at secondary gain regions
to provide for higher frequency, higher power output signals,
while employing a smaller footprint or die area than would be
necessary with groups of smaller transistors to provide for a
similar output power.

What have been described above are examples of the
present ivention. It 1s, of course, not possible to describe
every concetvable combination of components or methodolo-
gies Tor purposes of describing the present invention, but one
of ordinary skill in the art will recognize that many further
combinations and permutations of the present invention are
possible. Accordingly, the present mvention 1s intended to
embrace all such alterations, modifications and variations that
tall within the spirit and scope of the appended claims.

What 1s claimed 1s:

1. A method for configuring a transistor device to operate
above a first cutoll frequency, the method comprising:

selecting a desired operating frequency range and a desired

output power for a transistor associated with the transis-
tor device;

analyzing the etlfects of phase velocity mismatch on the

overall gain of a plurality of different sized transistors;
evaluating the primary and secondary gain regions of the
plurality of different sized transistors; and

selecting a transistor sized to provide the desired output

power at or close to the desired operating frequency
range based on the analysis of the phase velocity mis-
match and the evaluation of the primary and secondary
galn regions.

2. The method of claim 1, further comprising modifying at
least one transistor dimension to tune at least one of a first
frequency cutoll of a primary gain region of the transistor, a
secondary gain region of the transistor and a secondary fre-
quency cutoll of the transistor.
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3. The method of claim 2, wherein the modifying at least
one transistor dimension comprises adjusting a width of the
transistor to modily the phase velocity mismatch.

4. The method of claim 2, wherein the modifying at least
one transistor dimension results in a modification of a gate-
to-drain capacitance of the transistor.

5. The method of claim 2, wherein the modilying at least
one transistor dimension results 1n a modification of a base-
to-collector capacitance of the transistor.

6. The method of claim 1, further comprising fabricating
the selected transistor with dimensions that adjusts a gate-to-
drain capacitance of the transistor.

7. The method of claim 6, wherein the fabricating the
selected transistor with dimensions that adjust a gate-to-drain
capacitance of the transistor comprises forming a drain ter-
minal spaced apart from a gate terminal a distance that 1s
greater than the gate terminal 1s spaced apart from a source
terminal.

8. The method of claim 6, wherein the fabricating the
selected transistor with dimensions that adjust a gate-to-drain
capacitance of the transistor comprises forming a drain ter-
minal having a generally tapered shape.

9. The method of claim 6, wherein the fabricating the
selected transistor with dimensions that adjust a gate-to-drain
capacitance of the transistor comprises forming a corrugated
drain terminal.

10. The method of claim 6, wherein the fabricating the
selected transistor with dimensions that adjust a gate-to-drain
capacitance of the transistor comprises forming a drain ter-
minal having a thickness less than the thickness of atleast one
of a gate terminal and a source terminal.

11. The method of claim 6, further comprising testing the
tabricated transistor for operating at a secondary gain region
above a first cutoll frequency of a primary gain region of the
transistor.

12. The method of claim 1, further comprising fabricating
a plurality of the selected transistor aligned and spaced apart
to form a communication system, the plurality of selected
transistors being configured to operate as a plurality of ampli-
fiers.
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13. The method of claim 1, further comprising fabricating
the selected transistor with a width that 1s ¥4 wavelength of an

operating frequency within the desired operating frequency
range.

14. The method of claim 1, wherein the transistor 1s one of
a bipolar junction transistors (BJTs), a junction field-effect
transistors (JFETs), a metal-oxide-semiconductor field-etffect
transistors (MOSFETS), a heterojunction bipolar transistors
(HBTs) and a high electron mobility transistors (HEMTs).

15. A method for operating a transistor device above a first
cutoll frequency of at least one transistor of the transistor
device, the method comprising:

configuring the at least one transistor to mitigate phase
velocity mismatch comprising dimensioning the at least
one transistor to tune at least one of a first frequency

cutoll of a primary gain region, a secondary gain region
and a secondary frequency cutofl of the at least one

transistor;

providing an mnput signal to a transistor device at a fre-
quency that 1s 1n a secondary gain region of at least one
transistor of the transistor device; and

providing an output signal by the at least one transistor that
1s an amplified version of the mput signal at the fre-
quency that 1s 1n the secondary gain region of the at least
one transistor of the transistor device.

16. The method of claim 15, wherein the transistor device
1s one of an amplifier and a voltage controlled oscillator.

17. The method of claim 15, wherein the transistor 1s one of
a bipolar junction transistors (BJTs), a junction field-effect
transistors (JFETs), a metal-oxide-semiconductor field-ettect
transistors (MOSFETS), a heterojunction bipolar transistors
(HBTs) and a high electron mobility transistors (HEMTs).

18. The method of claim 15, wherein the dimensioning
results in modifying a width, a gate-to-drain capacitance and
a base-to-collector capacitance of the at least one transistor to
mitigate phase velocity mismatch.
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